The effect of pomegranate (Punica granatum L.) 
INTRODUCTION
Frying is a popular method of food preparation used worldwide due to the unique sensory characteristics that develop in the food during frying process (Narasimhamurthy & Raina, 1998; Lamboni et al., 1999; Samita et al., 2010) . Due to high temperatures involved in frying and the absorption of oxygen and water, triacylglycerols (or triglycerides) undergo a series of reactions namely hydrolysis, oxidation, isomerization, and polymerization during frying (Stevenson et al., 1999; Parkash Kochhar, 2000; Abiona et al., 2011) . Oxidation is among the major chemical processes that give rise to degraded products such as triacylglycerol monomers, dimers, polymers, monoacylglycerols, diacylglycerols and free fatty acids (Vieira & Regitano-d'arce 1999; Sultana et al., 2007) .
The use of oil for repeated frying is associated with development of objectionable flavor, color, and texture of fried product (Kanner & Rosenthal, 1992; Tian et al., 2000) . Some of the chemical compounds, generated through the processes of autoxidation, thermal oxidation and polymerization during repeated frying of oil are attributable to negative health effects. of these, the contribution of autoxidation process towards generation of toxicants is significant (Quiles et al., 2002; Kalogeropoulos, 2007; Pambou-tobi, et al., 2010) . Many studies conclude that the oxidative stability of frying fat is an important characteristic with regards to the quality of fried food. Gomez-Alonso et al. (2003) showed the changes in phenolic composition and antioxidant activity of virgin olive oil during frying. Shahina et al. (2005) reported the deterioration of olive, corn and soy bean oils due to deep-frying.
Antioxidants present in edible oils provide a great deal of protection for frying fats and fried foods against autoxidation through retardation of oxidative breakdown of lipids (Che Man & Tan, 1999; Majumdar et al., 2007; Marmesat et al., 2010) . However, the use of synthetic antioxidants is negatively perceived by consumers due to potential toxicity and their connotation as chemical in food (Ramalho & Neuza Jorge, 2008; Ramadan et al., 2010) . Therefore, much emphasis has recently been placed on the use of antioxidants derived from natural sources in stabilizing edible oils. Extracts of many plant materials have been reported to have varying degrees of antioxidant activities in fat and oils in food systems. Shahidi & Bhanger (2007) studied that the stabilization of sunflower oil by garlic extract during accelerated storage. Michotte et al. (2011) reported stabilization of linseed oil with pure natural phenolic compounds.
Pomegranate peel is recognized as a potential source of antioxidants for the stabilization of food systems. Presence of substantial quantities of phenolic compounds such as ellagic tannins, ellagic acids and gallic acids has been attributed to the antioxidant potential of pomegranate peel (Yasoubi et al., 2007; Afaf-haniem et al., 2010; Ibrahium, 2010) . However, the detailed information on the use of pomegranate peel extracts for stabilizing edible oil exposed to high temperature is very limited. In this backdrop, the objective of the present study was to evaluate the efficacy of peel extracts of three different varieties of pomegranate as natural antioxidants in inhibiting oxidation of white coconut oil (WCO) used for deep frying.
METHODOLOGY

Materials
White Coconut Oil (WCO) and potatoes (variety Granola) were purchased from local market. Pomegranate (Nayana, Daya and Nimali varieties) were obtained from the Regional Agriculture Research Center, Makandura, Sri Lanka. All chemicals were of the analytical grade with the highest purity available (> 99.5 %) and obtained from Sigma Aldrich, USA.
Preparation of stripped white coconut oil
Stripped WCO was prepared by removing naturally occurring phenolic compounds and tocopherols by eluting WCO through a column packed with alumina (Marmesat et al., 2010) .
Preparation of pomegranate peel extract
Matured pomegranate fruits were washed with pure water, peeled and the remaining edible portions were carefully separated from the peel. The peels were disintegrated into small pieces (0.5 x 0.5 x 0.5 cm 3 ), dried in a hot air oven at 40 o C for 48 h. The dried fruit peel pieces were subsequently ground into a fine powder and passed through a sieve (no. 24). The prepared dried powder (2.5 g) was extracted into 40 mL of acetone through continuous stirring at a speed of 5 rpm in an ultrasonic bath (Fisher Sonic dismembrator, model 150, USA) to increase the extraction efficiency. The resulting supernatant was filtered through Whatman No. 2 filter paper to remove particulate matter. The resulting mixture was desolventized at 40 o C in vacuo (BUCHI, Switzerland). The dry extract was stored in a refrigerator (4 o C) until analysis.
Preparation of raw potato chips
Fresh potatoes (Granola variety) were peeled off and sliced into uniform thickness (0.5×0.5×8.0 cm 3 ) using a mechanical slicer. The slices were kept submerged in distilled water at room temperature (26±4 o C). Subsequently, they were slightly blotted dry with tissue papers.
Incorporation of pomegranate extracts into oil
Pomegranate peel extracts obtained from Nayana, Daya and Nimali varieties were added into stripped WCO at 2.00% (w/w) level and mixed well. Stripped WCO samples were brought up to 60±5 o C before the extracts or reference antioxidant (α-Tocopherol) was added and subsequently the mixture was stirred for 20 min to ensure dissolution of antioxidant. Extracts were incorporated according to the FDA -Food additive regulations followed by direct method.
Deep Frying
Deep fat frying was carried out in a standard size stainless steel frying pan. Raw potato chips each weighing approximately 20±0.05 g were introduced into stripped WCO containing pomegranate extracts or the reference antioxidant after bringing the temperature to 180±5 o C and frying was continued for exactly 10 min. A constant temperature of 180 o C was maintained throughout frying. The WCO sample was reused for two more frying cycles (three frying cycles in total) over a span of three days (one frying cycle per day). Following each frying cycle, the oil was allowed to cool to 60 o C and samples (10.0 mL) were drawn and stored at -20 o C after flushing with nitrogen until chemical analysis. A control devoid of any additive was used for comparative purposes. All frying experiments were carried out in triplicate.
The level of oxidation of frying oil after each frying cycle was assessed by determining peroxide value (PV), conjugated dienes (CD), conjugated trienes (CT) and thiobarbituric acid reactive substances (TBARS).
Peroxide value (PV) was carried out as explained by AOCS official methods Cd 8-53 (AOCS, 1997). CD and CT values were determined as explained in the analytical methods IUPAC II.D.23 (IUPAC, 1979) . TBARS were measured at 530 nm according to the method explained by Jierong et al. (2011) .
Statistical analysis
The data were analyzed using MS Office 2007 (Excel) and MINITAB version 16 programs. All measurements were performed in triplicate and results are expressed as mean ± SD. The ANOVA tables were constructed using GLM procedure. Duncan's new multiple range test was used to determine significant differences at 0.05 significant levels.
RESULTS AND DISCUSSION
Peroxide value (PV) is an indicator of the extent of primary oxidative products formed in oils (Shahidi and Bhanger, 2007; Jierong et al., 2011 and Michotte et al., 2011) . PV of stripped WCO containing additives and the control (devoid of any additive) after each frying cycles is shown in Fig. 1 . The level of oxidation gradually increased with the frying cycle for all oil systems. By the second frying cycle the effect of the additives were not significantly (p>0.05) different. However, at the third frying cycle, the control showed a significantly (p<0.05) higher level of oxidation as measured by PV than the oils containing pomegranate peel extracts or the reference antioxidant. There was no significant (p>0.05) difference in the PV of the oil samples containing different pomegranate extracts. It is observed that the PV of oil samples containing the reference antioxidant, α-tocopherol was significantly (p<0.05) higher than the oil samples containing pomegranate peel extracts. Relatively low PV observed in WCO samples stabilized with pomegranate peel extracts is indicative of the effectiveness of the peel extracts in mitigating oxidation of oils. Moreover, the results showed the effectiveness of the pomegranate peel extract compared to the reference antioxidant.
Edible oils stabilized with synthetic and natural antioxidants had shown low PV and extended induction periods. Sultana et al. (2007) reported that the antioxidant potential of corn cob extract in stabilizing corn oil under accelerated storage conditions. Che Man & Tan (1999) investigated the effect of natural and synthetic antioxidants in retarding peroxide formation in palm oil during deep fat frying. It is reported that many antioxidants remain effective over a specific period of time and with the time effectiveness decreases and finally become ineffective (Shahidi and Bhanger, 2007; Marmesat et al., 2010) . Fig. 2 and 3 illustrate the formation of CD and CT, respectively, in stripped WCO containing pomegranate peel extracts and the reference antioxidant and the control after each frying cycle. The CD and CT contents also showed a similar trend observed with PV and increased gradually with each frying cycle. The control devoid of any additive showed the highest contents of CD and CT at the end of the third frying cycle and the CD and CT values of the control was significantly (p<0.05) higher from the rest of the samples. The stripped WCO samples stabilized with pomegranate peel extracts showed lower levels of CD and CT compared to the reference antioxidant, α-tocopherol indicating the effectiveness of the pomegranate peel extracts in mitigating the oxidation in oil systems. Furthermore, no significant (p<0.05) difference among the CD or CT values of oils containing different peel extracts was observed. Thiobabituric Reactive Substances (TBARS) provide a measure of the formation of secondary oxidative products mainly carbonyls which contribute to the development of offflavor in oxidized oils (Shahidi and Bhanger, 2007 and Sulthana et al., 2007) . TBARS in the oil is increased gradually with frying cycles. TBARS content in stripped WCO samples containing different pomegranate peel extracts was significantly (p<0.05) lower than the control and the samples containing the reference antioxidant, α-tocopherol. It is obvious that the secondary oxidative products as measured by TBARS increased with frying indicating oxidative degradation of oil systems. TBARS, PV, and CD and CT gradually increased with frying cycle in all oil systems tested indicating gradual oxidation of oil after each frying cycle. The stripped white coconut oils containing pomegranate peel extracts showed the highest resistance towards generation of oxidative products. There were no significant differences among the extracts obtained from different varieties of pomegranate tested in terms of oxidative stability as measured by TBARS, PV, and CD and CT.
CONCLUSIONS
These results illustrate that pomegranate peel extracts obtained from Nayana, Daya and Nimali varieties exhibited strong antioxidant activity in preventing oxidation of stripped white coconut during frying and the level of stabilization is even superior to that of α-tocopherol. Therefore, it can be concluded that pomegranate peel extracts can be used to stabilize WCO against oxidation.
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